Radiolabeled phage SPO2 fragments were tested for the ability to form interspecies deoxyribonucleic acid (DNA) duplexes with DNA from Bacillus (31, 32) , were selected for use in these studies.
Integration of temperate phage deoxyribonucleic acid (DNA) into the host chromosome at a specific site(s) suggests some type of recognition between the phage and bacterial genome at the integration site. Experiments with the use of the DNA-agar method demonstrated that at least one-third (1, 7) of the X chromosome reassociated with DNA from Escherichia coli. DNA preparations from the virulent T series phages exhibited little or no base sequence relationship with E. coli DNA (8, 27) . Further DNA studies showed that temperate phages which attack coliform bacteria are related both to each other and to E. coli and Salmonella typhimurium (1, 8) . Phages X, 434, 434hy, P22, and 480 are all at least 20% related (1). Alternatively, DNA from phage P1, which does not integrate into the host genome, exhibits little reassociation with the DNA of E. coli (16) .
The portion of the X genome related to E. coli was originally thought to exist as a contiguous segment that was necessary for integration. This attractive hypothesis was disproven by experiments showing that regions of homology with E. coli were dispersed throughout the X genome (6) . Nevertheless, DNA molecules of temperate enterophages are capable of significant reassociation with E. coli DNA.
We, therefore, examined a lysogenic system other than the temperature enterophage-E. coli system for sequence similarities between phage I Present address: Department of Genetics, Stanford University School of Medicine, Stanford, Calif. 94305 and host DNA. The Bacillus subtilis-B. subtilis phage system was chosen because this grampositive sporeforming bacterium is a host for both virulent and temperate viruses and is essentially unrelated to E. coli. SPO2 (25) , a temperate phage of B. subtilis, and two virulent B. subtilis phages, ,B3 and p22 (31, 32) , were selected for use in these studies.
MATERIALS AND METHODS
Bacterial strains and bacteriophages. B. subtilis strains 168Sr and W23Sr were used for production of unlabeled phage preparations. Strain 168Sr served as a host for phages SPO2 and ,B22, and strain W23Sr was the host for ,3. Phage SPO2,1, a clear plaqueforming point mutant of SPO2 that produces lytic infection of the host, was used as the source of SPO2 DNA. SP02,1 will hereafter be referred to as SPO2. This phage was a generous gift from W. R.
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to titer phages ,B3 and ,B22, and NY medium plus 0.6% agar was used to titer SPO2.
Labeling procedure and DNA preparation. Thyminerequiring auxotrophs were labeled with '4C-thymine (5.65 pc/pmole; New England Nuclear Corp., Boston, Mass.). Cells were grown in medium containing 14C-thymine (1 pAc/ml, 2.2 ,ug/ml) to early stationary phase and collected by centrifugation. The pellets were resuspended in 0.01 M tris(hydroxymethyl)aminomethane (Tris; pH 7.2)-5 X 10-M MgCl2, plus 15% sucrose, and lysozyme (Worthington Biochemical Corp., Freehold, N.J.), was added to the suspensions to a final concentration of 1 mg/ml. The cells were incubated at 37 C for 15 min and disrupted with 2% sodium dodecyl sulfate. The DNA was purified by extraction with water-saturated phenol, followed by the method of Marmur (21) . Final precipitates were redissolved in 0.14 M sodium phosphate buffer (PB, an equimolar mixture of NaH2PO4 and Na2HPO4, pH 6.8). Unlabeled bacterial DNA was obtained from cultures in mid-logarithmic growth phase by the methods described above.
To obtain labeled phage DNA, cells were grown to a density of 2.5 X 108/ml in unlabeled medium supplemented with 2 ,g/ml of thymine. The cells were sedimented, suspended in 0.1 volume of unsupplemented medium and infected at a multiplicity of 5 with ,B3 or ,B22. After allowing 5 min for phage adsorption, the suspension was diluted to its original volume with SCM medium plus 14C-thymine (1 puc/ml, 2.2 ,ug/ml) and allowed to lyse. Alternatively, wild-type cultures infected in the same manner were labeled with 32P-orthophosphate (New England Nuclear Corp.).
Cells growing in SCM medium were unable to support the growth of SPO2. Therefore, this phage was labeled with H32PO4 in cells growing in NY broth diluted 1:4 with saline. 3H-labeled 434hy DNA was obtained by thymineless induction of E. coli 1485 thy-(434hy) (20) .
Phage lysates were treated with 5 pg/ml of deoxyribonuclease (5 times crystallized, Worthington Biochemical Corp.) and 5 p4g/ml of ribonuclease (bovine pancreatic, Worthington Biochemical Corp.) for 2 hr at 37 C. The lysates were then centrifuged at 10,400 X g for 10 min to remove cell debris. The supernatant fluid was centrifuged at 40,248 X g for 1 hr in the 21 rotor of a Spinco model L preparative ultracentrifuge. The pellets were suspended in 0.1 M Tris-5 X 103 M MgCI2 buffer. Phage DNA was extracted by the method of Davison and Freifelder (9) .
DNA preparations were subjected to mechanical shear at 50,000 psi to produce fragments 400 to 500 nucleotides in length (4). The sheared DNA was then filtered through 0.45-pum Metricel filters (Gelman Instrument Co., Ann Arbor, Mich.). Labeled DNA fragments were denatured by heating or alkali treatment and further purified by passage through a hydroxyapatite (Biogel HT, BioRad Laboratories, Richmond, Calif.) column equilibrated with 0.14 M PB and held at 60 C. Material that was bound to the column under these conditions was discarded. This procedure decreases the "zero time" binding (label bound to the column immediately after the DNA has been denatured).
DNA reassociation reactions. The fractionation of double-and single-stranded DNA on hydroxyapatite has been described (2). Double-stranded DNA in 0.14 M PB at 60 C binds to hydroxyapatite, whereas single-stranded DNA is not bound. In 0.4 M PB no DNA binds to hydroxyapatite. In the present experiments, thermally denatured, labeled DNA fragments were incubated at 60 C with a 1,000-to 7,500-fold excess of denatured, unlabeled DNA fragments in 0.14 M PB. The length of incubation was chosen so that unlabeled DNA fragments would show maximal reassociation, whereas the reassociation of labeled DNA fragments with one another would be minimal. In time course reassociation experiments, a series of reaction mixtures were incubated at 60 C for varying periods of time to assay per cent reassociation versus time of incubation. After incubation, the samples were quickly cooled and frozen until use. Each sample was subsequently thawed and passed through hydroxyapatite at 60 C in 0.14 M PB either in a column or by a batch procedure (3). The reassociated DNA was bound to hydroxyapatite. Unreacted DNA was removed in a series of washes with 0.14 M PB at 60 C. In thermal elution experiments, the bound DNA was removed by washing the column with 0.14 M PB at increasing 2.5 C temperature increments to 100 C, followed by two to three washes with 0.4 M PB. When only the percentage of reassociated DNA fragments was of interest, the hydroxyapatite was washed with 15-ml portions of 0.14 M PB as above, followed by one wash with 0.14 M PB at 95 C, one at 100 C, and finally three washes with 0.4 M PB.
Radioactivity assay. Samples from stock solutions and hydroxyapatite experiments were precipitated in 5% cold trichloroacetic acid in the presence of approximately 100 pg of herring sperm DNA or yeast RNA carrier. The precipitates were collected on membrane filters, placed in counting vials, and dried.
A 15-ml amount of scintillation fluid was added, and the samples were counted in a Tri-Carb liquid scintillation spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.) Eluates from hydroxyapatite experiments in which 32P-labeled DNA was used were placed directly into counting vials and assayed by Cerenkov counting (5 (10, 23) . Figure 2 represents the reassociation of SPO2 DNA. Solutions at three different concentrations (0.02, 0.2, and 3 Mug/ml) of labeled SPO2 DNA (1.25 X 105 counts per min per Mug) were incubated at 60 C to give a C6it range from 2.4 X 10-i to 2.6. The data obtained from these reactions were corrected as above. The sigmoidal-shaped curve again indicates that the phage chromosome contains unique sequences.
The half Cot value of 3 X 10-2 corresponds to that of a DNA of molecular weight similar to that of X. This agrees with the published value of 2.6 X 107 daltons for SPO2 DNA (26) .
Thermal elution profiles of reassociated DNA. Thermal elution chromatography on hydroxy- 'tent of reas-position (22) . The profile from 434hy DNA, reassociated however, is skewed toward the lower temperaermal elution tures. SPO2 DNA DNA base composition heterogeneity in mpared with different segments of the phage genome has actions. 14C been observed more dramatically by using tg/ml, 5.8 X DNA-agar or optical melting profiles. In the cubated with best studied case, X DNA has been shown to {A for 20 hr have three discrete regions of guanine plus reassociation cytosine (GC) composition ranging from 41 to Lbeled SPO2 56% (13) . It appears that the base composition of mnts per min SPO2 DNA is uniform throughout the molezg/ml of un-cule. To completely rule out heterogeneity in hr to reach a SPO2 DNA, more precise studies such as optical reassociation. melting curves at multiple wavelengths (13) )eled E. coli would be necessary. ) 6 (15, 18, 28, 29, 30) . These phages have been found to contain host DNA (24) . Therefore, induction of a B. subtilis strain lysogenic for phage SPO2 might also lead to induction of the defective particles causing the phage DNA preparation to be contaminated with bacterial DNA. In an effort to avoid this complication, a lytic point mutant strain of SPO2 was used as the source of both labeled and unlabeled DNA. In addition, the radioisotope was added to the infected culture after phage adsorption to minimize label incorporation into host DNA. The lack of reassociation between labeled SPO2 DNA and B. subtilis DNA attested to the absence of Bacillus DNA in the SPO2 DNA preparation. Furthermore, the kinetic data (Fig. 2) The amount of DNA held in common between temperate enterophages and E. coli is not contained in a contiguous region of the phage genome and does not appear to be necessary for integration. It is possible that relatedness between these enterophages and their host(s) is due to some severe selection pressure that prevents divergence or that the conservation of this DNA results from a continuing interchange of DNA between the host and phage. In any case, neither of these mechanisms operates between B. subtilis and SPO2. If these organisms were once related they are "old" enough to have diverged almost completely. The data obtained with SP02 DNA indicate that neither heterogeneity in DNA base composition nor extensive polynucleotide sequence relatedness is a universal requirement for lysogeny.
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